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Technical field: 

The Invention relates to a sensor device and the method for detection of 
gases or vapors contained in air by way of an electrically heatable sensor 
element, for example for the detection of gases and vapors in the guidance of 
breathing air of a gas mask. 

State-of-the-art 

The following printed documents are known: DE 3613512; EP 0447619; EP 
0535385; GB 2266467; DE 4132680; EP 0410071; EP 0343521; WO 
9612523 for the construction of gas sensor systems and in particular for the 
sensor technical surveillance of a breathing protective masks. The teaching 
provided by the state-of-the-art employs different sensor technologies: 

1. Electrochemical cells: it is disadvantageous in the employment of 
electrochemical gas detection cells that these cells more or less selectively 
react to some gases. Therefore the application of these cells is subject to the 
precondition that essentially only a single gas has to be detected, which gas 



in addition has to be a known gas. In a practical situation it is evaluated as 
disadvantageous that this method is questionable based on this limitation in 
connection with several potentially dangerous gases (for example in the 
chemical industries). In addition to, the lifetime of electrochemical cells is 
limited. The cells are also very expensive. 

2. Color change reactions, such as they are known from test tubes available 
commercially. The strong selectivity is a disadvantage of this sensor 
technology. This requires the precondition that the gases to be monitored 
are known. It is a further disadvantage that the chemical reactions employed 
for the color change detection are frequently not reversible, thus one-way 
sensors are present which have to be selected especially prior to each 
deployment and to which cannot be employed again in the following. 

3. Metal oxide sensors according to the Taguchi principle: the advantage of 
the sensors includes that they react to all gaseous or vaporous substances in 
the air, which are oxidizable or reduceable. Depending on the composition 
of the gas sensitive layer, the electrical resistance is for example decreased 



by oxidizable substances. Reduceable substances increase the electrical 
resistance in this case. The disadvantage is that the sensors have to be 
heated, which uses up energy and which furnishes narrow limits to an 
operation of the sensor system with batteries. The substantial drift of the 
sensor value in standard air, for example when the air temperature changes 
and/or when the air humidity changes are a substantial disadvantage. 

Each Taguchi sensor exhibits an electrical semiconductor as a gas sensitive 
layer. All semiconductors change for example their resistance amongst 
others with the temperature. In addition, the reaction speed and the 
sensitivity of the sensor element changes relative to the intended gases such 
that the characterizing curves relative to the different gases can be 
substantially different from each other at different temperatures. For these 
reasons it is necessary to maintain the temperature of the gas sensitive 
semiconductor layer stable within narrow limits. 

Even in case where the temperature of the heating structure could be 
maintained completely constant, this would nevertheless not reach a constant 



temperature of the gas sensitive layer under all circumstances, since the 
temperature gradient between the gas sensitive layer and the surrounding air 
is very large and since the temperature gradient is influenced by the emitted 
by the sensor element through radiation and convectively. The heat amount 
delivered by the sensor element to the ambient is on the one hand a function 
of the temperature gradient, on the other hand a function of the flow speed of 

O 

:|| the air relative to the sensor element. 

Ui 

O Practically, one will always determine substantial variations of the sensor 

111 

U resistance despite expensive electronic automatic controls, which has limited 

111 in the past the deployment of semiconductor sensors substantially, because 
55 the base resistance of the gas sensitive layer massively varies with 

temperature. 

It is known to evaluate sensor signals such that the actual signals of the 
sensor are compared with an average value of preceding sensor signals 
formed over a certain time period. This means the difference between the 
actual signal and the average value is evaluated. For example a switching 
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signal can be released in case the amount of this difference surpasses a 
defined value. 

If sudden events occur, to which the sensor responds, then these sudden 
events can be very well detected with this method. Slow and/or only small 
changes of the sensor resistance in contrast do not lead to any evaluations or, 

;| respectively, switching signals. 

3 Slow changes of the actual sensor signal are ignored, where the slow 

Cf changes can be caused either by a drifting behavior of the sensor itself or 

!;{ however by a change of the concentration of a vapor or gas addition in the 

ill ambient air. 

In contrast reliably a switching signal is generated upon occurrences of 
sudden concentration increases of oxidizable gases in the ambient air. 

In many cases it is however very important that also a slow rise of gas 
concentrations can be reliably detected. This is for example important in the 
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monitoring of breathing protective masks, because for example the filter of 
the breathing protective mask typically does not suddenly lose its 
functioning upon a set duration of the filter, but the deposit power of the 
filter in most cases becomes creepingly worse. In addition the concentration 
of toxic gases can increase very slowly, which increase would have to be 
detected at any rate. The above illustrated method of the signal evaluation 
cannot be employed for this purpose without modification for the reasons 
recited. 

The present state-of-the-art does not furnish a useful teaching as to how the 
Taguchi sensors can be employed in applications despite the apparent 
stability disadvantages of the Taguchi sensors, wherein the applications 
require safety with respect to erroneous alarms and the simultaneous 
capability of the detection of also small concentrations and/or small 
concentration changes. 

Technical purpose: 
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Therefore it is an object of the Invention to furnish a method and the sensor 
device for detection of gases or vapors contained in air, in particular in 
breathing air, with a high safety against erroneous alarm, wherein also small 
concentrations and/or small concentrations changes can be detected. 

Disclosure of the Invention and its advantages: 

This object is accomplished according to the present Invention by a sensor 
device for detection of gases or vapors contained in air with a sensor 
element, wherein the sensor element exhibits a gas sensitive layer and 
wherein the sensor element is electrically heatable with a heating structure, 
and wherein the sensor element is disposed in a casing, wherein the casing 
the shields the sensor element from air motions occurring outside of the 
casing, characterized in that the casing exhibits the diffusion layer, wherein a 
passage of gas and vapor from the outside into the interior of the casing and 
vice versa is possible through the diffusion layer by diffusion and wherein 
the casing and the diffusion layer are constructed heat insulating or 
thermally insulating. 



The object of the invention is resolved according to the present invention by 
a method for operating sensor element for detecting gases or vapors 
contained in air, which sensor element exhibits a gas sensitive layer and is 
heatable electrically with a heating structure, characterized in that the 
temperature of the sensor element is controlled and the temperature set value 
is at least for a certain time changed depending on the size or the time 
behavior of the sensor signal with an imbalance value switched on. 

A method for operating a sensor device for detection of gases or vapors 
contained in air with a sensor element, wherein the sensor element exhibits a 
gas sensitive layer and wherein the sensor element is electrically heatable 
with a heating structure, for performing the method is characterized in that 
sensor element is disposed in a casing, wherein the casing shields the sensor 
element from air motions occurring outside of the casing, wherein the casing 
exhibits a diffusion layer through which a passage of gas and vapor from the 
outside into the interior of the casing and vice versa is possible based on 
diffusion. 



Applications are amongst others in the protection of human beings, where 
the human beings employ the breathing protection equipment (for example 
breathing protection masks). A further application comprises the monitoring 
of air conditioning and ventilation plants with respect to an (undesired) 
presence of gases and vapors. Furthermore, the ventilation of motor vehicles 
can be controlled with the gas detectors according to the present invention 
such that the ventilation is interrupted in case gas concentrations are detected 
outside of the vehicle. Furthermore, the ventilation of the rooms or 
buildings as required can be performed with the gas detectors according to 
the present invention such that the ventilation rate is coupled to the 
concentration of for example organic air contents materials (gases, vapors). 
Furthermore, the monitoring of the air with respect to ignitable or, 
respectively explosion endangering gas air mixtures can be performed with 
the gas detectors according to the present invention. 

The sensor of the sensor device indicated according to the present invention 
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is a Taguchi sensor which exhibits and electrical semiconductor as a gas 
sensitive layer such as does every Taguchi sensor. 

It is necessary for this purpose to maintain the temperature of the gas 
sensitive semiconductor layer stable within narrow limits. Already 
temperature automatic controls of sensors are known for this purpose, 
wherein some temperature automatic controls exploit the fact that the 
sensors exhibit heating structures made of platinum or another material with 
a pronounced temperature coefficient. Methods are known to a person of 
ordinary skill in the art how such heaters can be controlled such that the 
resistance of the heater is employed as an ACTUAL reference. 

The sensor element exhibits a sensor substrate, a gas sensitive layer and a 
heater structure disposed between the sensor substrate and the gas sensitive 
layer. The heating structure is controlled electrically through an external 
resistor, wherein the external resistor is dimensioned such that the current 
flow in no case heats the sensor element to the set point temperature. 
Instead periodically an impulse is delivered to a switching device component 
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through a control line from a central control and automatic control 
apparatus, advantageously formed as a microcontroller, wherein the 
switching device component delivers an energy rich switching pulse to the 
heating structure. The outer resistance and the heating structure form a 
voltage divider. 

After switching off this power then that voltage is measured through a first 
analog/digital converter, which voltage is taken off at the voltage divider 
between the heating structure and the outer resistance. 

If the voltage is too high, then the heating pulse for the number of heating 
pulses is shortened during the next periods. If in contrast the voltage should 
be too small, then the heating pulse or the number of heating pulses is 
lengthened during the next periods. 

The impedance of the gas sensitive layer of the sensor element is measured 
with the central control and automatic control apparatus, suitable software 
and a second analog/digital converter, wherein the second analog/digital 
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converter is connected to the gas sensitive layer and the impedance is 
thereby available as a signal for evaluation. Only the ohmic resistance is 
measured here in the most simple case. 

Even if the temperature of the heating structure would be completely 
constant, nevertheless no temperature constant under any circumstances of 
the gas sensitive layer could be achieved because the temperature gradient 
between the gas sensitive layer and the surrounding air is very large and is 
influenced by the heat emitted by the sensor element by radiation and 
convectively. The thermal energy delivered by the sensor element to the 
ambient is on the one hand a function of the temperature gradient, on the 
other hand a function of the flow speed of the air relative to the sensor 
element. 

Therefore one will find in practical situations always substantial variations 
of the sensor resistance in standard air despite expensive electronic 
automatic controls, which fact has restricted substantially the employment of 
semiconductor sensors in the past since the base resistance of the gas entity 
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for layer massively varies with the temperature. 

A sensor device according to the present invention therefore exhibits a 
sensor element which is disposed in a casing, which is air technically closed 
and which does not allow air motions outside of the casing any access to the 
heated sensor element. The casing is advantageously constructed such that 
its internal space is thermally insulated relative to the surroundings. 

After some time a thermal balance between the heating structure, the sensor 
substrate as the heat storage, and the gas sensitive layer is formed in the 
casing, since also the air is heated to a higher level in the surroundings of the 
heat structure, the sensor substrate, and the gas sensitive layer and thereby 
the temperature gradient between air and sensor element is decreased. The 
undesired variations of the sensor resistance caused by the temperature 
gradient between air and sensor element are essentially reduced in this 
manner according to the present invention. 

According to the present invention the casing exhibits a semi permeable 
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diffusion layer, which diffusion layer is practically impermeable for air 
flows, which diffusion layer however can be penetrated by diffusing air and 
gas particles. According to the present invention thus based on the different 
partial pressures inside and outside of the casing, gases diffuse into the 
casing or out of the casing through the diffusion layer, wherein however an 
air circulation through the diffusion layer is practically suppressed. Induced 
heat streams based on air motions through the semi permeable diffusion 
layer are therefore excluded or at least very strongly limited. 

The casing including the diffusion layer is formed heat insulating and/or 
thermally insulating according to a preferred embodiment of a sensor device 
according to the present invention. 

This in combination with very precise heating automatic control 
accomplishes that no effects of the ambient temperature show up any longer 
on the sensor resistor in standard air over a very wide temperature region. 

It is a further advantage that the energy requirements of the sensor element 
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can be substantially decreased by the heat insulating and/or thermally 
insulating formation of the casing and of the diffusion layer according to the 
present invention, which is very important and advantageous in connection 
with operating with batteries. 

As already recited above in connection with the illustration of the state-of- 
the-art, it is known to evaluate the difference between the actual signal and 
an average value. If events occur suddenly, to which events the sensor 
responds, then these events can be very good detected according to this 
method. Slow and/or only small changes of the sensor resistance lead in 
contrast to known evaluations or, respectively, switching signals. The actual 
sensor signal is average over a predetermined time period and is headed with 
a constant value such that an average signal results disposed on average 
slightly above the sensor signal which is employed as a reference signal 52. 
If events occur which change the value of the actual sensor signal to values 
above the reference signal, then a switching signal is released. Slow 
changes of the actual sensor signal are ignored. In contrast to that a 
switching signal is reliably generated upon occurrence of sudden 
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concentration increases of oxidizable gases in the ambient air. 

However it is very important in many cases that also a slow rise of the gas 
concentration is reliably detected, for example in case the concentration of 
toxic gases increases very slowly, which must be detected at any rate. The 
illustrated method cannot be employed in this case without modification. 

The heating power is influenced by an additional value (to the temperature) 
according to an invention method for operating a sensor device. An 
interference value switch on is performed thereby as considered by 
automatic control technology. 

The observation that changes of the electrical parameters of the gas sensitive 
layer of the sensor element (resistor, capacitance, inductivity) as well as 
derived of the offering of oxidizable gases or reduceable gases as well as a 
result of very issuance of the air humidity or of the temperature are the basis 
of the idea of the present invention. 
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For purposes of simplicity only the detection of oxidizable gases is described 
in the following. Reduceable gases behave principally inversely, that is 
reduceable gases increase also for example the sensor resistance, whereas 
oxidizable gases reduce the sensor resistance. The invention is applicable 
sensibly even though also inversely, also for reduceable gases. 

A method according to the present invention is illustrated in the following. 
At the start, the sensor in standard air delivers an actual sensor signal at a 
determined heating power. In the following the sensor is impacted by a gas 
pulse of a predetermined time duration. 

In case of a not influenced heating power the actual sensor signal returns 
only after a longer time period to the starting value after the end of the gas 
pulse. A heating power with interference value switch on in contrast leads 
to an actual sensor signal influenced by the heating power, which actual 
sensor signal returns quicker to the starting value. If the heating power is 
always then led after for example proportional in the sense of a temperature 
increase in case the actual sensor signal passes through a change, then the 



- 18- 



actual sensor signal returns significantly faster to the starting value. 

It is essential that the reactions of the gas sensitive layer with the gas occur 
at any rate in the case of an actually present gas concentration at the sensor. 
The temperature sensitivity of the sensor signal is reduced by the effects and 
interactions of the gases. The change of the sensor signal effected by the 
temperature follow-up therefore is smaller during the gas impulse as 
compared to prior or after the gas impulse. In other words: the sensor signal 
reacts during the gas impulse only relatively weak to a change in the heating 
power and thus to the interference value switch on. The gas induced 
reduction of the actual sensor signal therefore assumes approximately the 
same course as is present in case of an otherwise identical arrangement 
without temperature follow-up upon leading after and following on to the 
heating power. 

If however the reaction of the actual sensor signal is for example caused by a 
change of the air humidity or by a change of the air temperature, then the 
temperature sensitivity of the sensor signal does not change or changes only 
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very little. A change of the air humidity or a change of the air temperature 
therefore have substantial and continuing influence on the actual sensor 
signal in case of a not influenced heat power. 

The influence of the sensor signal effected by the temperature tracking is 
clearly larger than in the case of a gas pulse where however already at the 
start of such an interaction the heating power was tracked. The monitoring 
of the lower explosion boundary for protection against accidents after gas 
linkages is also sensible. In other words: the sensor signal reacts heavily to a 
change of the heating power and thus to the interference value switch on. 
The change of the sensor value caused by a change in the air humidity or on 
a change of the air temperature is therefore not only much smaller, but also 
timewise clearly shorter than in the case of a not influenced heating power. 

Therefore the heating automatic control of the sensor is constructed such 
according to the present invention that the guiding value of the heating 
automatic control is the temperature and that an interference value is 
switched onto the automatic control values, wherein the interfering value is 
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derived from the deviation of the actual sensor signal relative to a standard 
value in case of standard air. 

Both the signal processing as well as the heating automatic control can 
advantageously be controlled by a single single-circuit controller (uC). 

A combination of 

a. an arrangement of the sensor element in a preferably thermally insulated 
or, respectively, heat insulating casing with the thermally insulating or, 
respectively, heat insulating diffusion layer through which a gas access to 
the sensor element can be performed by diffusion without air motion, 

b. a diffusion caused gas access to the sensor without air motion, 

c. a heating of the sensor element by automatic control of the temperature, 
wherein the relative deviation of the actual sensor resistance from the 
resistance of the sensor element under standard conditions is switched on to 
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the automatic control circuit as an interference value, 

comprises the advantageous result that the sensor signal follows quickly and 
nearly exclusively to the factual contents of oxidizable air contents 
substances and further exhibits by far less drifting features as hitherto 
known. 

If an evaluation is performed which compares the actual sensor value with 
an average value determined over the time, then substantially less variations 
of the sensor signal under standard conditions can be assumed, in particular 
then, when the system has become stable after some time. 

Therefore the time period over which the average value of the actual sensor 
signal is formed for solving as a comparison value relative to the actual 
sensor value is not constant but increases always in the course of the 
operating time of the system according to an embodiment of the invention. 

The first comparison value is obtained from the average value over a 
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relatively short time period, since the system is subject to necessarily high 
self dynamic variations immediately after the switch on. This time period is 
increased after the switch on phase and this time period finally reaches a 
substantially longer integration time in the built-up state. A certain amount 
is deducted from the calculated average value in order to form the so-called 
reference value, since the average value in principle can coincide with the 
actual sensor signal. 

According to a preferred variation of an embodiment the amount to be 
deducted is very large during the initial phase such that the reference value 
gets a large distance relative to the sensor value. This is important in order 
to prevent that signals are released in the non-built-up state, even though no 
significant gas concentration change occurs. The amount is successively 
decreased in the former course of time such that the reference value 
approaches more and more the sensor value in the built-up state. 

Further refinements can be introduced. According to a further variation of 
an embodiment of the invention method the reference value is brought again 



-23- 



to a larger distance relative to the sensor value after violent gas induce 
sensor reactions, since violent reactions of the sensor lead to temporary 
instable sensor situations. 

According to a further embodiment variation of the invention method the 
calculation of the average value is again performed over shorter time 
periods, when a gas induced strong sensor signal change has occurred. 
According to a further variation of an embodiment the calculation of the 
average value is dispensed with for that time period during which time 
period a gas induced sensor signal change occurs. 

Despite the recited steps the actual gas level can rise in such a slow extent 
that the average value follows essentially to this rise. In this case slowly 
substantial gas concentrations can be formed without that the precedingly 
described release condition would be fulfilled according to which the actual 
sensor signal assumes a smaller value as compared with the reference value 
determined by calculation. 
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According to a further variation of embodiment therefore additionally a 
minimum value is fixed for the reference value, wherein the actual reference 
value never can become smaller than its fixed minimum value. The 
minimum value is selected such that this limit is not reached by sensor 
caused variations, and on the other hand the gas concentrations, which can 
be coordinated to this sensor signal, do not yet inflict permanent damages to 
the human being, or, respectively, in the case of for example of a monitoring 
of explosive limits (for example methane air mixtures) and are disposed at a 
far safety distance relative to the explosion limit. 

If jump like changes of the humidity or temperature occur (for example upon 
application of the sensor at a suitable position in or at breathing protective 
masks for the purpose of the filtering or sealing monitoring) then the effect 
of these influences on the sensor resistance upon application of a method 
according to the present invention will be absolutely smaller and only occur 
temporarily. 

Nevertheless an erroneous signal triggering can occur, which then would be 
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an undesired erroneous alarm. According to a further variation of 
embodiment therefore a time staggered evaluation is performed, which time 
staggered evaluation is illustrated in the following. 

A reference value is disposed below the sensor standard level. If a gas 
impulse decreases the actual sensor signal by a certain amount, then the 
reference value is undershot and thereby the switching criterion is fulfilled. 
Thereby a kind of 'quiet pre-alarm' is released, however according to the 
present invention the switching signal is not yet triggered. A switching 
signal is released only then when the switching criterion remains fulfilled for 
a certain time period, which switching signal is maintained present during 
the remaining time period, during which time the actual sensor signal 
remains below the reference value. 

If in contrast a very short term and therefore practically to be neglected gas 
pulse occurs or if a humidity pulse to be compensated according to a method 
of the present invention occurs, wherein the humidity pulse triggers about a 
reaction of the actual sensor signal, then according to the present invention 
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no switching signal is triggered. 



According to a further variation of embodiment of the invention method, the 
time period of the pre-alarm is not fixedly defined, but instead of function of 
the quickness of the sensor signal change or as a function of the absolute 
change amount over the time period. If thus a very large sensor signal 
change has occurred during a fixed time period, then the time period of the 
prealarm can be shortened. This is advantageous in order to be able to 
maintain the time up to the triggering of the alarm as short as possible in 
case of actually suddenly occurring large gas concentrations. 

A similar result can be obtained if the sensor signal is average over two 
different time periods, for example both over time period of 20 seconds as 
well as over time period of 300 seconds. As previously recited a certain 
amount of for example 2 percent of the standard value or the like is deducted 
from the average value formed over the longer time period. The values 
determined in this way are compared with each other. 
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If the average value formed over the shorter time becomes smaller as 
compared to the average value formed by averaging over the longer time 
period and the value resulting after deduction of a certain amount (for 
example 2 percent) then a switching signal is triggered. 

Frequently however it is not sensible to deduct only a constant amount from 
the average value for forming a reference value, since the sensor 
characteristic curve (sensor signal depending on the gas concentration) is 
usually a nonlinear curve. 

In the case that the ohmic resistance of the gas sensitive layer is employed 
for forming the actual sensor signal, then this means that for example 10 
ppm (parts per million) of a certain gas effect different resistance changes 
depending on the base resistance of the gas sensitive layer. Thus the relative 
resistance change caused by 10 ppm offered gas is substantially smaller for 
example in case of a low base resistance as compared with the situation at a 
high base resistance. This fact can be taken into consideration by taking into 
consideration the sensor characteristic curves of different object gases in the 
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calculation of the reference value based on the determined average value 
according to the present invention. 

The employment of the described sensor system is in particular critical when 
the system is taken into operation while already a substantial load of gas is 
present. Since the system is in fact incapable of measuring absolute 
concentrations but can only capture changes (relative to a reference value) 
within the time period of observation, then the system would not deliver any 
suggestion (switching signal, alarm) relative to the in fact present loading 
with gas. 

This problem situation is resolved according to the present invention by 
increasing for a short time period the temperature of the gas sensitive layer 
according to a further variation of deployment of the invention method. The 
temperature increase effects on the one hand a shifting of the reaction 
balance within the gas sensitive layer, wherein the shifting becomes apparent 
via a change of the sensor signal, and on the other hand the sensor is 
operated for short time at a different (temperature dependent) characteristic 
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curve. The capturing and the evaluation of the sensor signal prior to, during, 
and after the short term temperature increase allows conclusions relative to a 
possibly present gas load. 

Short description of the drawing, where there is shown: 

Figure 1 a schematic representation of a sensor element with a typical 
known circuit, which is 

employed in a preferred embodiment of the invention, 

Figure 2 a schematic representation of a time sequence of a plurality of 
heating impulses and of 

time intervals without current for temperature automatic control, 

Figure 3 a detailed presentation of the sensor element (left) as well as the 
typical course of the 

temperature in the direction perpendicular to the plane of the sensor 
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element (right), 



Figure 4 an arrangement according to the present invention of a sensor 
element in a casing, 

Figure 5 an example showing the time course of the sensor signal and of the 
heating power 

according to a method for operating the sensor element 
corresponding to the state-of- 
the-art, 

Figure 6 an example for the time course of sensor signal and heating power 
according to a 

variation of an embodiment of the invention method for operating 
the sensor element, 

Figure 7 an example for the time course of sensor signal and heating power 
according to another 
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variation of an embodiment of a method according to the present 
invention for operating 

of a sensor element. 

Figure 1 shows schematically a sensor element 11 with a typical known 
circuit, which circuit is employed according to a preferred embodiment of 
the invention. The sensor element 11 exhibits a sensor substrate 31, a gas 
sensitive layer 33 and the heating structure 32 disposed between the sensor 
substrate 31 and the gas sensitive layer 33 (figure 3). 

The heating structure 32 is controlled electrically through an outer resistance 
12 (figure 1), wherein the outer resistance is dimensioned such that the 
current flow under no circumstances will heat the sensor element 11 set 
point temperature. Instead of, a pulse is delivered periodically to a switching 
component device 15 from a central control and automatic control device 13, 
advantageously formed as a microcontroller (uC), wherein the switching 
component device 15 delivers an energy rich switching pulse to the heating 
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structure 32. The outer resistance 12 and heating structure 32 form a voltage 
divider. 

After turning off this pulse, the voltage is measured over a first 
analog/digital converter 16, which voltage is tapped at the voltage divider 
between the heating structure 32 and the outer resistor 12. 

If the voltage is too high (heating structure 32 has an ohmic value to high, 
therefore the sensor temperature is too high) then during the next period the 
heating pulse or the number of heating pulses is shortened. If in contrast the 
voltage would be too small (heating structure 32 is too low ohmic, therefore 
the sensor temperature is too low), then the heating pulse or the number of 
heating pulses is lengthened during the next periods. 

The impedance of the gas sensitive layer 33 of the sensor element 1 1 is 
measured with the central control and automatic control device 13, suitable 
software and a second analog/digital converter 18, wherein the second 
analog/digital converter 18 is connected to the gas sensitive layer 33, and the 
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impedance thereby stands available as a signal for evaluation purposes. In 
the most simple case only the ohmic resistance is hereby measured. 

Figure 2 shows the time sequence of a plurality of heating impulses 21 and 
of time intervals 22 without current for illustrating the systematic of the 
temperature automatic control. If the temperature corresponds to the set 
point value, then a certain relationship exists between the number of heating 
impulses 21 and the time intervals 22 (figure 2 top) without current. If the 
sensor element 1 1 for example is cold, then the number of heating impulses 
21 is increased and the time intervals 22 without current are shortened 
relatively (figure 2 bottom). 

Figure 3 shows the detailed representation of the sensor element 1 1 (left) as 
well as a typical course of the temperature in one direction ( designated in 
figure 3 as x-direction) perpendicular to the plane of the sensor element 1 1 
(right) and renders visible the principal difficulty of the temperature 
automatic control. The heating structure 32 is disposed between the gas 
sensitive layer 33 and a sensor substrate 31. Even if the temperature of the 
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heating structure 32 would be constant completely, then nevertheless 
therewith no constant temperature under all circumstances of the gas 
sensitive layer 33 can be accomplished, since the temperature gradient 
between the gas sensitive layer 33 and the surrounding air is very large and 
is influenced by the heat delivered by the sensor element 11 based on 
radiation and convectively. 

If for example the temperature of the heating structure 32 is automatically 
controlled to 350 degrees centigrade, then the temperature in the ambient air 
can vary in practical situations between minus 40 degrees centigrade and 
plus 80 degrees centigrade. A temperature deviating from the heater can be 
determined at the surface of the gas sensitive layer 33 based on the 
temperature gradient between the surroundings and the sensor element 11, 
wherein the deviating temperature is typically smaller as compared with the 
set point value. 

The thermal energy delivered by the sensor element 1 1 to the surroundings 
is on the one hand a function of the temperature gradient and on the other 
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hand a function of the flow speed of the air relative to the sensor element 1 1 . 

Even in case of only the smallest air motions in the neighborhood of the 
sensor element 1 1, the temperature gradient changes between 
-the heating structure 32 maintained at a constant temperature, 
-the gas sensitive layer 33 and the 
-temperature of the surrounding air. 

Therefore one will be determining practically always substantial variations 
of the sensor resistance in standard air despite expensive electronic 
automatic controls, which situation in the past has substantially limited the 
deployment of semiconductor sensors, since the base resistance of the gas 
sensitive layer 33 massively varies with the temperature. 

Figure 4 shows a sensor device according to the present invention. A sensor 
element 1 1 is disposed in a casing 40, which casing 40 is air technically 
closed and does not allow access to the heated sensor element 11 for air 
motions outside of the casing 40. The casing 40 is preferably constructed 
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such that the inner space of the casing 40 is insulated thermally relative to 
the surroundings. 

After some time of thermal balance between the heating structure 32, the 
sensor substrate 31 as a thermal storage and the gas sensitive layer 33 is 
formed in the casing 40, because also the air disposed in the surroundings of 
the gas sensitive layer 33 is heated to a higher level and the temperature 
gradient between air and sensor element 11 is thereby decreased. The 
undesirable variations of the sensor resistance caused by the temperature 
gradient between air and the sensor element 11 are in this fashion 
substantially reduced according to the present invention. 

The casing 40 shows according to the present invention a semi-permeable 
diffusion layer 47, which diffusion layer 47 is practically in permeable for 
air flows, however can be penetrated by diffusing air particles and gas 
particles. The diffusion layer 47 comprises for example finest capillary 
plastic (Teflon, stretched foils and the like) or for example a sinter body out 
of metal, plastic, glass or ceramics. The diffusion layer forms the cover face 
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of the casing 40 according to a preferred embodiment of the invention. 
Gases diffuse through the diffusion layer 47 into the casing 40 or out of the 
casing 40 based on the different particle pressures inside and outside of the 
casing 40 according to the present invention wherein however an air 
circulation through the diffusion layer 47 is practically suppressed. 

Thermal currents induced based on air motions through the semi-permeable 
diffusion layer 47 are excluded or at least very strongly limited. 

The connection wires 40 for the sensor element 1 1 are preferably sealing 
against gas and are led through the casing floor 45. Preferably this is 
performed by melting the connection wires 44 into a glass layer 49 covering 
the casing floor 45. 

According to a preferred embodiment of a sensor device according to the 
present invention the casing jacket 48, the casing floor 45 as well as the 
diffusion layer 47 and thereby the casing 40 are constructed heat insulating 
and/or thermally insulating. 
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It is accomplished hereby in combination with a very precise heating 
automatic control that no effects of the ambient temperature onto the sensor 
resistance in standard air show up any longer over very wide temperature 
range. 

It is a further advantage that the energy requirement of the sensor element 1 1 
can be substantially decreased by the heat insulating and/or thermally 
insulating construction of the casing 40 and of the diffusion layer 47, which 
is very important and advantageous during operation with batteries. 

It is known to evaluate the difference between an actual signal and the 
average value as was already recited above in connection with the 
illustration of the state-of-the-art. If suddenly events occur to which the 
sensor responds then these sudden events can be very good detected with 
this method. Slow and/or small changes of the sensor resistance in contrast 
lead to no evaluations or, respectively, switching signals. 
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Figure 5 illustrates this known method. The actual sensor signal 51 is 
averaged over a certain time period and added to a constant value such that 
an averaged signal results disposed on average slightly above the sensor 
signal, which is referred to as reference signal 52. If events 53,54 occur, 
which change the value of the actual sensor signal to values above the 
reference signal 52, then a switching signal is triggered. 

Slows changes of the actual sensor signal are ignored. In contrast a 
switching signal is reliably generated upon occurrence of sudden 
concentration increases of oxidizable gases in the surrounding air. 

In many cases it is however very important that also a slow rise of gas 
concentrations is reliably detected, for example in cases where the 
concentration of toxic gases slowly increases, which has to be detected at 
any rate. The method illustrated with reference to figure 5 can therefore not 
be applied without modification. 

The heating power is influenced by an additional value (relative to the 
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temperature) according to the present invention method for operating of a 
sensor device according to the present invention. An interference value 
switch on is performed from an automatic control technology point of view. 

The observation that changes of the electrical parameters of the gas sensitive 
layer 33 of the sensor element 11 (resistance, capacitance, inductivity) can 
be derived both from the offering of oxidizable or reduceable gases as well 
as can be the result of variations of the air humidity or of the temperature is 
a basis of the invention idea. 

Only the detection of oxidizable gases is described in the following for 
purposes of simplicity. Reduceable gases behave in principle inversely, that 
is they increase also for example the sensor resistance, whereas in contrast 
oxidizable gases reduce the sensor resistance. The invention is sensibly 
applicable, even though inversely, also for reduceable gases. 

Figure 6 serves for illustrating the operational connections. The sensor in 
standard air delivers an actual sensor signal upon a heating power of 6b, 
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characterized by 6a in figure 6, at the start. In the following the sensor is 
subjected to a gas impulse, wherein the time duration of the gas impulse is 
featured in figure 6 at the bottom. 

The curve section 68 in figure 6 shows the course of the actual sensor signal 
in case of an uninfluenced heating power. In case of a non-influenced 
heating power the actual sensor signal returns to the starting value only after 
a longer time period after the end of the gas impulse. The section of the 
curve 68 following to the end of the gas impulse shows this reaction of the 
actual sensor signal to the gas impulse during constant heating power, 
wherein the constant heating power is illustrated in figure 6 by line 62. 

The heating power with interference value switch on illustrated in figure 6 
by the curve 63 in contrast leads to an actual sensor signal influenced by the 
heating power, wherein the actual sensor signal follows the curve section 64 
shown in figure 6. 

If the heating power is then always tracked (curve 63) for example 
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proportional in the sense of a temperature increase, when the actual sensor 
signal passes through a change, then the actual sensor signal returns 
significantly quicker to the starting value. The section of the curve 64 
following to the end of the gas impulse shows this reaction of the actual 
sensor signal onto the gas pulse in case of a tracked heating power, which is 
illustrated in a curve 63. 

It is essential that in case of a gas concentration actually present at the 
sensor, the reactions of the gas sensitive layer 33 occur at any rate with the 
gas. The temperature sensitivity of the sensor signal is decreased by the 
interaction with the gas. The change of the sensor signal caused by the 
temperature tracking is therefore smaller during the gas impulse as 
compared with prior to or after the gas impulse. In other words: the sensor 
signal reacts during the gas impulse only relatively weak to a change in the 
heating power and are thus interference value switch on. The gas induced 
reduction of the actual sensor signal assumes therefore approximately the 
same course upon tracking of the heating power as it is present in case of an 
otherwise identical test arrangement without temperature tracking. This 
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means that the in each case falling branches of the curve 64 and 68 in figure 
6 after the start of the gas impulse have an approximately equal course. 

If however the reaction of the actual sensor signal is for example caused by a 
change of the air humidity or by a change of the air temperature, then the 
temperature sensitivity of the sensor signal does not change or changes only 
a little. A change of the air humidity or a change of the air temperature 
therefore exert substantial and continuing influence onto the actual sensor 
signal in case of a non-influenced heating power (curve section 65 in figure 
6). 

If however already at the start of such an interaction the heating power was 
tracking, then the influence of the sensor signal effected by the temperature 
tracking is substantially larger as in the case of a gas impulse. In other 
words: the sensor signal reacts heavily to a change in the heating power and 
thereby to the interference value switch on. Therefore the change of the 
sensor value caused by a change of the air humidity or by a change of the air 
temperature is not only much smaller, but also timewise clearly shorter 
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(curve section 66 in figure 6) as is the case of a non-influenced heating 
power (curve section 65 in figure 6), and already the falling branches of the 
curves 65 and 66 in figure 6 have a not coinciding course. 

Thus by way of the time behavior of the sensor signal it is possible to 
distinguish between a gas pulse and humidity pulse based on the invention 
method. The reaction of the sensor signal to humidity pulse is according to 
the present invention compensated to a such substantial part by the heating 
tracking. 

Therefore the automatic heating control of the sensor is constructed such 
according to the present invention that the temperature is the guide value of 
the heating automatic control or and that a perturbing value is switched onto 
the automatic control, wherein the perturbing value is derived from 
attenuation of the actual sensor signal from a standard value in case of 
standard air. 

As was illustrated with reference to figures 1 and 2, both the signal 
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processing as well as the automatic heating control can advantageously be 
controlled by a single single-circuit controller (uC). 

The advantageously result of a combination of 

a. An arrangement of the sensor element 1 1 in a thermally insulated ore, 
respectively heat insulated casing 40 with a thermally insulating or, 
respectively, heat insulating diffusion layer 47, wherein a gas access to the 
sensor element 11 can be performed through the diffusion layer 47 by 
diffusion and without air motion, 

b. A diffusion caused gas access to the sensor without air motion, 

c. The heating of the sensor element 11 by automatic control of the 
temperature, wherein the relative deviation of the actual sensor resistance 
relative to the resistance of the sensor element 1 1 under standard conditions 
is switched on to the automatic control circuit as a perturbing value, 
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comprises that the sensor signal quickly and nearly exclusively follows and 
tracks the actual contents of oxidizable air content materials and exhibits 
substantially less drift appearances as are known at the present. 

If an evaluation is performed which compares the actual sensor value with 
an average value obtained over the time period, then substantially smaller 
variations of the sensor signal under standard conditions can be assumed, in 
particular then, when the system built up a stable situation after some time. 

According to a variation of an embodiment of the invention method 
therefore the time period through which the average value of the actual 
sensor signal is formed in order to serve as a comparison value to the actual 
sensor value, is not constant, but the time period increases again and again in 
the course of the operational time of the system. 

The first comparison value is obtained out of the average value over a 
relatively short time period, since the system immediately upon switching on 
is subject necessarily to high self dynamic variations. This time period is 
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increased after the switch on phase and the time period reaches finally in the 
built up state a substantially longer integration time. Since the average value 
in principle can coincide precisely with the actual sensor signal, a certain 
amount is deducted from the calculated average value in order to form the 
so-called reference value. 

The amount to be deducted is very large in the initial phase according to a 
preferred embodiment such that the reference value shows a large distance to 
the sensor value. This is important in order to prevent that in the not built-up 
state signals are triggered even though no significant gas concentration 
change occurs. The amount is successively decreased in the further time 
course, such that the reference value approaches more and more to the 
sensor value in the built-up state. 

Further refinements can be introduced. According to a further variation of 
an embodiment of the invention method the reference value is brought again 
to a larger distance relative to the sensor value after violent gas induced 
sensor reactions, because based on experience violent reactions of the sensor 
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lead to temporarily instable sensor situations. 

According to a further variation of an embodiment the calculation of the 
average value is performed again over shorter time periods, if a gas induced 
heavy signal change has occurred. According to a further embodiment the 
calculation of the average value is dispensed with for that time period during 
which a gas induced sensor signal change occurs. 

Despite the recited steps the actual gas level can rise at such a slow speed 
that the average value essentially follows this rise. In this case slowly 
substantial gas concentration could form without that the precedingly 
described trigger condition would be fulfilled, according to which the actual 
sensor signal assumes a smaller value as compared to the reference value 
obtained by calculation. 

According to a further variation of an embodiment in addition a minimum 
value is fixed for the reference value, wherein the actual reference value can 
never become smaller as compared with this fixed minimum value. The 
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minimum value is selected such that this limit is not reached by sensor 
caused variations, but on the other hand the gas concentration, which gas 
concentration can be coordinated to this sensor signal, does not yet have a 
permanently damaging effect on the human being, or, respectively in case of 
a for example monitoring of explosion limits (for example methane air 
mixtures) this limit is disposed in the large safety distance relative to the 
explosion limits. 

If the jump like changes of the humidity or of the temperature occur (for 
example in case of the application of the sensor at the suitable location in or 
at the breathing protective masks for purposes of filter or sealing 
monitoring), then the effect of these influence onto the sensor resistance will 
be absolutely small and only temporary upon employment of an invention 
method. 

Nevertheless an erroneous signal triggering can occur, which then would be 
an undesired erroneous alarm. 
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According to a further variation of an embodiment therefore the time wise 
staggered evaluation is performed, which is illustrated with reference to 
figure 7. 

A reference value 77 is disposed under the sensor standard level 71. If a gas 
pulse decreases the actual sensor signal by a certain amount (curve section 
designated with reference numeral 72), then the reference value is undershot 
and thereby the switching criterion is fulfilled. This triggers a kind of "quiet 
prealarm\ however the switching signal is not triggered according to the 
present invention. Only when the switching criterion remains fulfilled for 
certain time period illustrated in figure 7 by the time duration 73 then a 
switching signal is triggered, wherein the switching signal is maintained 
during the residual time period (designated with the time duration 74 in 
figure 7), during which time period the actual sensor signal remains lower as 
compared to the reference value. 

If in contrast to very short time and therefore practically to be neglected gas 
impulse occurs or in case a humidity impulse to be compensated according 
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to the invention occurs, which impulse triggers a reaction of the actual 
sensor signal as illustrated with reference numeral 75 in figure 7 then no 
switching signal is triggered according to the present invention. 

According to a further variation of the invention method the time duration 
73 of figure 7 of the prealarm is not fixedly defined but represents a function 
of the quickness of the sensor signal change or function of the absolute 
change amount relative to time. 

If thus within a predetermined time period there occurs a very large sensor 
signal change, then the time period of the prealarm can be shortened. This is 
advantageous in order to be able to hold the time period up to the triggering 
of the alarm as short as possible in case of in fact suddenly occurring large 
gas concentrations. 

Similar result can be accomplished when the sensor signal is average over 
two different time periods, for example both over time period of 20 seconds 
as well as over time period of 300 seconds. A certain amount of for example 
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2 percent of the standard value or the like is deducted from the average value 
formed over the longer time period as previously recited. The thus 
determined values are compared with each other. 

If the average value formed over the shorter time period is smaller as the 
value resulting by averaging over the longer time duration and deduction of 
a certain amount (for example 2 percent), then a switching signal is 
triggered. 

Mathematically this can be expressed by the formation of the following 
difference for example for the case, that the longer time duration is 10 times 
as long as the shorter time duration. 



Si +S 2 +S 3 +. . .+S n Si +S 2 +S 3 +. . . +S a o* 



(10* n) 



0,98* = Y 

n 10*n 



The switching criterion is reached when the value Y becomes negative. 
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However it is not sensible frequently to deduct only a constant value from 
the average value for forming a reference value, since the sensor 
characteristic curve (sensor signal depending on the gas concentration) is 
usually a nonlinear curve. 

This means that for example 10 ppm (parts per million) of a certain gas 
depending on the basis resistance of the gas sensitive layer effects different 
resistance changes for the case that the ohmic resistance of the gas sensitive 
layer 33 is employed for forming the actual sensor signal. The relative 
resistance change caused by 10 ppm of a gas is substantially smaller for 
example by low basis resistance as compared to a high base resistance. This 
fact can be taken into consideration by taking into consideration the sensor 
characteristic curves of different object gases in the calculation of the 
reference value based on the obtained average value. 

The use of the described sensor system is particularly critical, in case the 
system is taken in cooperation, while already a substantial gas load is 
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present. Since the system namely cannot measure absolute concentrations, 
but only changes (referring to the reference value) within the observation 
time period, the system would not deliver any suggestion (switching signal, 
alarm) relative to the actual present load of gas. 

This problem situation is resolved according to the present invention by 
short term increasing of the temperature of the gas sensitive layer. The 
temperature increase effects on the one hand the shifting of the reaction 
balance within the gas sensitive layer, which shows in a change of the sensor 
signal, and on the other hand the sensor is short term operated on the 
different (temperature dependent) characterizing curve. The capturing and 
the evaluation of the sensor signals prior to, during and after the short-term 
temperature increase enables conclusions relative to a possibly present gas 
load. 
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Patent claims: 

1. Sensor device for detection of gases or vapors contained in air with a 
sensor element, wherein the sensor element exhibits a gas sensitive layer and 
wherein the sensor element is electrically heatable with a heating structure, 
and wherein the sensor element is disposed in a casing (40), which casing 
shields the sensor element (11) from air motions occurring outside of the 
casing (40), characterized in that the casing (40) exhibits the diffusion layer 
(47), wherein a passage of gas and vapor from the outside into the interior of 
the casing (40) and vice versa is possible through the diffusion layer (47) by 
diffusion, and wherein the casing (40) and the diffusion layer (47) are 
constructed heat insulating or thermally insulating. 



2. Sensor device according to claim 1 characterized in that the diffusion 
layer (47) is formed out of a sinter material with a glass like or metallic 
structure. 
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3. Sensor device according to claim 1 characterized in that the diffusion 
layer is formed out of a gas permeable plastic foil. 

4. Sensor device according to claim 1 characterized in that the sensor 
element (1 1) is a metal oxide sensor. 

5. Sensor device according to claim 4 characterized in that the plastic foil 
comprises Teflon (PTFE). 

6. Sensor device according to claim 1 characterized in that the sensor 
element (1 1) exhibits a heating structure (32) for the electrical heating of the 
sensor element. 

7. Sensor device according to claim 6 characterized in that the heating 
structure (32) is a structured platinum layer. 

8. Method for operating a sensor element for detection of gases or vapors 
Annexes to IPER PCT/EPOO/02389 -3 - 



contained in air, wherein the sensor element exhibits a gas sensitive layer 
and wherein the sensor element is electrically heatable by way of a heating 
structure, characterized in that the temperature of the sensor element (11) is 
automatically controlled and the temperature set point value is at least part- 
time changed by way of a perturbation value switch on depending on the 
size or the time behavior of the sensor signal. 

9. Method according to claim 8 characterized in that the sensor signal is 
compared with reference value formed slidingly or adapted out of sensor 
signals of times past, wherein the difference between the sensor signal and 
the reference value and/or the time behavior of this difference is employed 
for triggering a switching signal. 

10. Method according to claim 8 characterized in that the electrical 
resistance of the heating structure (32) furnished with a temperature 
coefficient is employed as an automatic control value for the temperature of 
the sensor element (1 1). 
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1 1 . Method according to claim 8 characterized in that the temperature of the 
gas sensitive layer (33) is not maintained constant but a perturbing value 
switch on increasing the temperature of the gas sensitive layer (33) is 
performed depending on the time behavior of the sensor signal such that 
such perturbing influences, which are caused by changes of the physical 
surrounding conditions are distinguishable from such influences which are 
caused by a change of the gas composition or of the gas concentration based 
on the time behavior of the sensor signal. 

12. Method according to claim 8 characterized in that the heating power is 
influenced for short time by the sensor signal by way of the perturbing value 
switch on that a change of the sensor signal, which is caused by a change of 
the air humidity or by a change of the air temperature is compensated 
quicker and/or to a larger extent as a change of the sensor signal which is 
caused by a change of the gas concentration. 

13. Method according to claim 12 characterized in that a change of the 
sensor signal, which is caused by a change of the air humidity or at change 



Annexes to IPER PCT/EP00/02389 -5- 



in the air temperature is distinguishable from a change of the sensor signal 
which is caused by a change in the gas concentration by way of the in each 
case different time behavior of the sensor signal. 

14. Method according to claim 12 or 13 characterized in that the distinction 
between change of the sensor signal, which is caused by a change in the air 
humidity or by a change of the air temperature and a change of the sensor 
signal, which is caused by a change of the gas concentration is performed 
automatically by way of suitable software. 

15. Method according to claim 8 characterized in that an average value is 
formed out of sensor signals from times past and that the reference value 
suitable for triggering a switching signal is formed out of the average value 
for the at each time actual sensor signal, wherein the average value 
formation is suspended for the time period of the perturbing value switch on. 

16. Method according to claim 15 characterized in that the characterizing 
curve of the sensor element is taken into consideration for formation of the 
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reference value. 



17. Method according to claim 9 characterized in that the average value 
formation is suspended and the old reference value is maintained for that 
time period during which the actual sensor value is smaller as the reference 
value formed out of the average value for detection of oxidizable air 
contents substances. 

18. Method according to claim 15 characterized in that the average value 
formation is suspended and the old reference value is maintained for that 
time period during which the actual sensor value is smaller as the reference 
value formed out of the average value for detection of oxidizable air 
contents substances. 

19. Method according to claim 15 characterized in that the time period of 
averaging taken into consideration for formation of the average value is 
variable. 
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20. Method according to claim 9 characterized in that the formation of the 
reference value is performed by taking into consideration sensor signals of 
times past, wherein the length of the time period taken into consideration is 
variable. 

21. Method according to claim 9 characterized in that the formation of the 
reference value is performed by taking into consideration reference values of 
times past, wherein the length of the time period taking into consideration in 
this context is variable. 

22. Method according to one of the claims 19 through 21 characterized in 
that the length of the time period taken into consideration depends on the 
time behavior of the sensor signal. 

23. Method according to claim 8 characterized in that the sensor signal is 
averaged at the same time over two different time periods, wherein a certain 
amount is subtracted from the average value formed over the longer time 
period and that a switching signal is triggered, when the average value 
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formed over the shorter time period becomes smaller than the value resulting 
from the averaging over the longer time period and subtraction of the certain 
amount. 

24. Method according to claim 8 characterized in that the temperature of the 
heating structure is periodically temporarily increased and the sensor signals 
are compared prior to, during, and after each temperature increase for a 
qualitative determination of a presence of additional oxidizable or, 
respectively, reduceable air contents substances. 

25. Method according to claim 8 characterized in that the change of the 
impedance of the gas sensitive layer (33) is employed for forming of sensor 
signal. 

26. Method according to claim 8 characterized in that the change of the 
electrical resistance of the gas sensitive layer (33) is employed for formation 
of a sensor signal. 
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27. Method according to claim 9 characterized in that additionally a lower 
barrier is determined for the reference value, wherein the reference value can 
never undershoot the lower barrier and wherein the lower barrier cannot be 
reached by sensor caused variations, wherein the gas concentration which 
can be coordinated to this sensor signal does not inflict permanent damages 
to the human being or, respectively, is disposed in a far safety distance 
relative to the explosion barrier in case of for example a monitoring of 
explosion limits. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: Hanns Rump et al. 

Serial No: Art Unit: 

Filing Date: 

Title: SENSOR DEVICE AND METHOD FOR DETECTING GASES OR 

FUMES IN AIR 

DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
Erklarung Fur Patentanmeldungen Mit Vollmacht 
Gentian Language Declaration Msa244 

Als nachstehend benannter Erfinder erklare ich hiermit an 
Eidesstatt : 

As a below named inventor, I hereby declare that: 

dap mein Wohnsitz, meine Postanschrif t und meine Staats- 
angehorigkeit den im Nachstehenden nach meinem Namen aufgefuhrten 
Angaben entsprechen, 

My residence, post office address and citizenship are as statec 
below next to my name, 

dap ich, nach bestem Wissen der ur spriingliche , erste und 
alleinige Erfinder (falls nachstehend nur ein Name angegeben ist) 
oder ein ur sprunglicher , erster und Miterfinder (falls 
nachstehend mehrere Namen aufgefuhrt sind) des Gegenstandes bin, 
fur den dieser Antrag gestellt wird und fur den ein Patent 
beantragt wird fur die Erfindung mit dem Titel: 

Sensorvorrichtung und Verfahren zur Detektion von in Luft 
enthaltenen Gasen oder Dampfen 

I believe I am the original, first and sole inventor (if only on 
name is listed below) or an original, first and joint invento 
(if plural names are listed below) of the subject matter which^ i 
claimed and for which a patent is sought on the inventio 
entitled: 

SENSOR DEVICE AND METHOD FOR DETECTING GASES OR 
FUMES IN AIR 
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deren Beschreibung (nur eines der nachf olgenden Kastchen 
ankreuzen) 

the specification of which (check only one item below) 

< > hier beigefugt ist. 

is attached hereto* 

< > am als U.S.-Anmeldung, Seriennummer_ 



gereicht wurde und am abgeandert wurde (falls 

tatsachlich abgeandert) . 

was filed as US Application Serial No. ^ 

on and was amended on (if applicable) 

<X> am 17. Marz 2000 als Internationale PCT-Anmeldung, Nummer 
PCT/EP00/02389 eingereicht wurde und am 6. Juni 2001 unter PCT- 
Artikel 34/36 abgeandert wurde (falls tatsachlich abgeandert). 

was filed as PCT international application, Number PCT/EP00/023£ 
on 17 March 2000 and was amended under PCT Article 34/36 on 
June 2001 (if applicable) 

Ich bestatige hiermit, dap ich den Inhalt der obigen 
Patentanmeldung einschliep lich der Anspruche durchgesehen und 
verstanden habe, die eventuell durch einen Zusatzantrag wie oben 
erwahnt abgeandert wurde. 

I hereby state that I have reviewed and understand the content 
of the above-identified specification, including the claims, c 
amended by any amendment referred to above. 

Ich erkenne meine Pflicht zur Offenbarung jeglicher Inf ormationen 
an, die zur Prufung der Patentf ahigkeit in Einklang mit Titel 37, 
Bundesgesetzbuch (Code of Federal Regulation), § 1.56 von Belang 
sind. 

I acknowledge the duty to disclose information which is mat eric 
to patentability as defined in Title 37, Code of Federc 
Regulations , § 1.56. 

Ich beanspruche hiermit auslandische Prioritat svorteile gemap 
Abschnitt 35 der Zivilprozep ordnung der Vereinigten Staaten, 
Paragraph 119 jeglicher unten angegebenen Auslandsanmeldung(en) 
fur ein Patent oder E r f inde r s ur ku nde oder jeglicher 
internationalen PCT-Anmeldung ( en ) , welche mindestens ein Land 
ausser den Vereinigten Staaten benennt, und habe auch jegliche 
Auslandsanmeldung( en) far ein Patent oder Erf indersurkunde oder 
jegliche Internationale PCT-Anmeldung (en) , welche mindestens ein 
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Land ausser den Vereinigten Staaten benennt, nachstehend 
gekennzeichnet, welche von mir fur den gleichen Gegenstand 
eingereicht wurde und ein Anmeldedatum haben, das vor dem 
Anmeldedatum der Anmeldung liegt, fur die Prioritat beansprucht 
wird. 

I hereby claim foreign priority benefits under Title 35, Unit* 
States Code, §119 of any foreign application ( s ) for patent c 
inventor's certificate or of any PCT international application ( 
designating at least one country other than the United States/ 
America listed below and have also identified below any forei f 
application ( s ) for patent or inventor's certificate or any ? ( 
international application ( s ) designating at least one count: 
other than the United States of America filed by me on the sai 
subject matter having a filing date before that of tx 
applications ) of which priority is claimed: 

PRIOR FOREIGN /PCT APPLICATION ( S ) AND ANY PRIORITY CLAIMS UNDER 
35 USC 119: 

FRUHERE AUSLANDISCHE/PCT ANMELDUNG ( EN ) UND JEGLICHE PRIORITAT UNTER 
35 USC 119: 



Country 



(if PCT, indi- 
cate PCT) 

Land (falls Anmeldungs- 
PCT, PCT nummer 
angeben ) 



Application No. Date of Filing 



(day, month, year) 

Anmeldedatum 
(Tag, Monat, Jahr) 



Priority Claimed 
under 35 USC 119 

Prioritat unter 
35 USC 119 
beansprucht 



Germany 
Germany 



199 11 869.8 
199 11 867.1 



17 March 1999 
17 March 1999 



<X>Yes 
Ja 

< >Yes 
Ja 



< >No 

Nein 

< >No 

Nein 



Ich beanspruche hiermit gemap Absatz 35 der Zivilprozep ordnung 
der Vereinigten Staaten, Paragraph 120, den Vorzug jeglicher 
unten aufgefuhrten U . S . -Anmeldung ( en ) oder die USA benennende 
inter nat ionale (n) PCT-Anmeldung(en) und falls der Gegenstand aus 
jedem Anspruch dieser Anmeldung nicht in dieser/diesen fruheren 
Patentanmeldung(en) laut dem ersten Paragraphen des Absatzes 35 
der Zivilprozep ordnung der Vereinigten Staaten, Paragraph 112 
offenbart ist, erkenne ich gemap Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von Inf ormationen 
an, die zwischen dem Anmeldedatum der fruheren Anmeldung ( en ) und 
dem nationalen oder internationalen PCT Anmeldedatum dieser 
Anmeldung bekannt geworden sind. 
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I hereby claim the benefit under Title 35*, United States Code 
§120 of any United States application ( s ) or PCT internationa 
application ( s ) designating the United States of America tha 
is/are listed below and, insofar as the subject matter of each o 
the claims of this application is not disclosed in that/thos 
prior application ( s ) in the manner provided by the firs 
paragraph of Title 35, United States Code, §112, I acknowledg 
the duty to disclose material information as defined in Title 37 
Code of Federal Regulations, § 1.56(a) which occurred between th 
filing date of the prior application ( s ) and the national or PC 
international filing date of this application: 

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING 

THE U.S. FOR BENEFIT UNDER 35 USC 120: 

FRUHERE AMERIKANISCHE ANMELDUNGEN ODER DIE USA BENENNENDE 
INTERNATIONALE PCT-ANMELDUNGEN FUR VORRECHT UNTER 35 USC 12 0 

U.S. APPLICATIONS STATUS (Check one) 

U.S. Application No. U.S Filing Date Patented Pending Abandoned 

AMERIKANISCHE ANMELDUNGEN STAND (ein Kastchen ankreuzen 

Seriennummer Anmeldedatum Patentiert Anhangig Aufgegebe 

< > < > < > 



PCT APPLICATIONS DESIGNATING THE U.S. 
PCT Application PCT Filing Date U.S.Ser.Nos. 
Number assigned (if any) 

DIE USA BENENNENDE PCT-ANMELDUNGEN 
PCT-Anmelde- PCT- Anmeldedatum Zugeteilte Serien- 
nummer nummern (falls zutreffend) 

< > < > < > 



VERTRETUNGSVOLLMACHT : Als benannter Erfinder beauftrage ich 
hiermit den nachstehend benannten Patentanwalt (oder die 
nachstehend benannten Patentanwalte ) und/oder Patent -Agenten mit 
d er Verfolgung der vorliegenden Patentanmeldung sowie mit der 
Abwicklung aller damit verbundenen Geschafte vor dem Patent- und 
Warenzeichenamt : (Name und Registrationsnummer anfuhren) 

POWER OF ATTORNEY: As a named inventor, I hereby appoint th 
following attorney(s) and/or agent(s) to prosecute thi 
application and transact all business in the Patent and Trademai 
Office connected therewith. (List name and registration number) 



Horst M. Kasper (Reg. No. 2& r 5S8-) 

Richard T. Laughlin (Reg. No. 17,264) 
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Sep 11 01 08:46a 



KflSPER & LBUGHLIN 



190852S6S77 



Telef ongesprache bitte richten an: ( 



iame und Telef onnummer) 



Direct. Telephone Calls to: (Namp and telephone number) 

Horst M. Kasper (908) 757-2839 

Postanschrif t : 

Send Correspondence to: 

Ich erklare hiermit, dap alle voln mir in der vorliegenden 



meineia besten Wissen und 
orechen, und dap ich diese 
ntnis desseii_ abgebe, dap 



Erklarung gemachten Angaben nacb 
Gewissen der vollen Wahrheit ents 
eidesstattliche Erklarung in Keil 

wissentlich und vorsatzlich falsche ingaben gemap Paragraph 1001, 
Absatz 18 der Zivilprozep ordnung der Vereinigten Staaten von 
Amerika mit Geldstrafe belegt und/oder Gefangnis bestraft werden 
kannen, und dap derartig wissentlich und vorsatzlich falsche 
Angaben die Gultigkeit der vorliegenden Patentanmeldung oder 
eines darauf erteilten Patentes gefafcrden konnen. 

I hereby declare that all statements made herein of my own 

knowledge are true and that al 

and belief are believed to be 

statements were made with thu 



tatements and the like so made are punishable by fine or 



imprisonment, or both, under V 




statements made on information 
true; and further that these 
knowledge that willful false 



ection 1001 of Title 18 of the 



United States Code and that such willful false statements may 
jeopardize the validity of the 4PPli cation or an Y patent issuing 
thereon. 

Name des einzigen oder urspran 
Pull name of sole or first inven ; 
Rum p 

ersten Erfinders 
's signature 



lichen Erfinders: 
or: 
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P - 



S taatsangeho r igkeit 

Citizenship 
Germany 

Postanschrif t 

Post Office Address 
Kirchenweg 15 
D-63840 Hausen 
Germany 



Voller Name des zweiten Miterfinders 

Full name of second joint inventor, if any 
Olaf Kiesewetter 



{ falls zutref fend ) 



Unterschrif t des zweiten Erfinders 
Second /Inventor's signature 





Wohnsitz 

Residence 
D-98716 Geschwend a 
Germany ~ " 

Staat sangeho rigkeit 

Citizenship 
Germany 



Postanschrif t 

Post Office Address 
Neue Sorge 32a 
D-98716 Geschwenda 
Germay 

Voller Name des dritten Miterfinders 

Full name of third joint invent© 
Rainer Klein 



Unterschrift des dritten Erfinders 
Third Inventor's signature 



Datum 
Date 



(falls zutref fend) 
c, if any 



Datum 
Date 



Inventor Declaration of Hanns Rump et 



al. Page 6 of 9 



Ql 08-.46a KRSPER 8. LBUGHLIN 



19085266977 



) 



Staat sancjeho r igkeit 

Citxzenshxp 
Germany 

Postanschrif t 

Post Office Address 
Kirchenweg 15 p 
D-63840 j_a»gen 
Germany 




( falls zutref f end) 



Voller Name des zweiten Miterfinders 

Pull name of second joint inventor, if any 
Dlaf Kie« Q^p^^g*T 




Unterschrift des zweiten Erfinders 
Second Inventor's signature 



Wohnsitz 

Residence 
D-98716 Geschwend 
Germany 

Staatsangehb rigkeit 

Citizenship 
Germany 

Postanschrif t 

Post Office Address 
Neue Sorge 32a 
D-98716 Geschwenda 
Germay 

Voller Name des dritten Miterfinders 

Full name of third joint invent o^- 
Rainer Klein 



Unterschrift des dritten Erfinders 
?hird Inventor's signature 




Datum 
Date 



falls zutref fend) 
, if any 



Datum 
Date 
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Wohnsitz — t\ A y 
Residence \)t>\h~ y 
D-58239 Schazejdt^ ^ 
Germany 

S t a at s angeha r igkei t 

Citizenship 
Germany 

Postanschrif t 

Post Office Address 
Kleppingstrasse 3 
D-58239 Schwerte 
Germany 



Voller Name des vierten Miterfinders 

Full name of fourth joint inventor 
-arstei 



Unterschrift des vierten Erfinders 
Fourth Inventor's signature 



Wohnsitz 

Residence 
D-44149 Dortmund, 
Germany 




( falls zutref f end) 
, if any 



Datum 
Date 



Staat sangeho rigkeit 

Citizenship 
Germany 

Postanschrif t 

Post Office Address 
Lange Fuhr 
D-44149 Dortmund 
Germany 

Voller Name des funften Miterfinders 

Full name of fifth joint inventor 
Heinz -Walter Schockenbaum 



falls zutreffend) 
, if any 
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Unterschrift des ftinften Erfinders ■ Datum 

Fifth Inventor's signature Date 

Wohnsitz / * I, 

Residence Y^/t^T 
D-59425 Unna^ -V ! 
Germany 

Staatsangehorigkeit 

Citizenship 
Germany 



Postanschrift 

Post Office Address 
Friedrich-Liszt-Stras^e 7 
D-59425 Ujina™ 
Germany 



st-Strass€ 



Voller Name des sechsten Miterfinders (falls zutreffend) 

Full name of sixth joint inventor, if any 
Wolfgang Voss 

Unterschrift des sechsten Erfinders Datum 
Sixth Inventor's signature Date 



Wohnsitz 

Residence 
D-58638 Iserlohn 
Germany 



Staatsangehorigkeit 

Citizenship 
Germany 
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Unterschrift des funften Erfinders 
Fifth Inventor's signature 



Datum 
Date 



Wohnsitz 

Residence 
D-59425 Unna 
Germany 

Staatsangehorigkeit 

Citizenship 
Germany 

Postanschrift 

Post Office Address 
Friedrich-Iiiszt-Strasse 7 
D-59425 Unna 
Germany 

Voller Name des sechsten Miterfinders (falls zutreffend) 

Full name of sixth joint inventor, if any 
Wolfgang Voss 



Unterschrift des sechsten Erfinders Datum 
Sixth *&ny^0t or' s signature Date 



Wohnsitz 

Residence 
D-58638 Iserlohn 
Germany 



Staatsangehorigkeit 

Citizenship 
Germany 
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Postanschrif t 

Post Office Address 
Bleichstrasse IB 
D-58638 Iserlohn 
Germany 

Voller Name des siebten Miterfinders 

Pull name of seventh joint 
Jessica Gerhairt 



mvej itor 



Unterschrift des siebten Erfinders 
Seventh Inventor's signature 




Wohnsitz 

Residence 
D-63840 Hausen 
Germany 

Staatsangehdrigkeit 

Citizenship 
Germany 

Postanschrif t 

Post Office Address 
Kirchenweg 15 
D-63840 Eausen 
Germany 



PTO 1391 (10-83) 
*%pt0:germde{Msa244DE(September 7, 204)1 (th 



falls 2utreffend) 
, if any 



Datum 

Date 
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